This study used the fuzzy approach to investigate the cognition of emotional responses and visual scenes when turning poetry into painting. In Experiment I, subjects were asked to match a painting with a poetic title based on their emotional responses. Experiment II used a fuzzy rating by which subjects were asked to subjectively evaluate the degree of overall fitness, as well as the degree of fitness between each poem and the emotional responses to and scenes of the paintings. The results show that the fuzzy approach can be applied for the effective evaluation of paintings and can provide artists with an idea of how to concentrate their efforts at the creation stage and improve communication with viewers.
In the communication model, Jakobson (1987) proposed six constitutive factors with six functions in an act of communication. The six constitutive factors are as follows: addresser, addressee, context, message, contact, and code. For example, an artist (addresser) sends a message to an audience (addressee) through his/her artwork. The artist must recognize that his/her work (message) must refer to something other than itself, which is called the background story (context). Then, the artist needs a physical channel and psychological connection between himself/herself and the audience (contact). Finally, his/her message must be based on a shared meaning system (code) by which his/her work is structured. Each of these factors determines a different function in each act of communication: emotive, conative, referential, poetic, phatic, and metalingual. The emotive function communicates the artist's emotions to the audience, whose reaction is a conative function. The referential function is the reality orientation of the message. The other three functions, which may be less familiar, are as follows: The phatic function is to keep the channels of communication open, the metalingual function is to identify the code that is being used, and the poetic function is the relationship of the message to itself, as shown in Figure 1 .
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For the mental model of cognitive engineering (Kreifeldt, Lin, & Chuang, 2011; Yen, C. Lin, & R. Lin, 2013) , Norman (1988) proposed a conceptual model that includes three parts: design model, user's model, and system image. When a designer designs a product for a user, the designer expects that the user will understand and use it in the desired way, meaning that the user's model is identical to the design model. In actuality, the designer should understand the user's mental model, rather than vice versa. The designer always understands his/her own design. The problem is to design a product so that it conforms to the user's mental model. The system image results from the physical structure that has been built by the design model. Because the designer does not talk directly with the user, the communication must take place through the system image. In communication theory, if the message (system image) does not make the design model clear and consistent, the user will end up with the wrong mental model. For emotional design, Norman (2004) proposed three levels of processing-visceral, behavioral, and reflective-which are integrated into Figure 1 as an important part of the research framework.
Turning poetry into painting involves complex issues that are interdisciplinary in nature. This nature appears to be suitable for "reading" in different ways, and multiple perspectives are available through which to analyze them. Based on the above discussion, the research framework can be used in a continuous search for a deeper understanding of the nature of turning poetry into painting, in which some conjectures can be tested.
Method
In accordance with the research framework (see Figure 1 ), this study used questionnaires interviews, matching tests, and fuzzy ratings to explore the cognition of turning poetry into painting. Three different sessions were carried out, as shown in Figure 2 . Session I included a literature review and the establishment of a research framework. In Session II, a pilot study was conducted, and a matching test approach and fuzzy rating approach were used in formal experiments. In Session III, a confusion matrix, multivariate data, and protocol analysis were applied in order to explore the recognition of turning poetry into paintings. The stimulus, subjects, and procedures are described in detail below.
Stimuli
The stimuli consisted of the paintings of an amateur painter, Ms. Lee, who has painted for five years. Twenty-one paintings-nine landscape (A-1 to I-9) and 12 abstract (J-10 to U-21)-were selected from Ms. Lee's body of work from the past three years, as shown in Table 1 . The nine landscape paintings, which were comprised of nature scenes containing clouds, were used as the base from which the author proposed poetic titles related to clouds. The key factor for the purpose of these poetic titles was that they had to help the audience more easily understand the mood of each painting. Therefore, in creating the titles, the first thing that had to be done was to associate viewers' main visual impressions of the paintings with their life situations. Meanwhile, the poetic titles developed by the author were also recognized by the painter as sufficiently similar to the painter's intentions.
For the abstract paintings, the painter was asked to read the paper entitled "Turning Poetry Into Paintings: An Experiment in Visualization" by Michel (1999) and two related papers (Lin, 2007; Hsu, C. L. Lin, & R. Lin, 2011) . The 12 abstract paintings were then painted according to the selected poetry, following the three steps for turning poetry into paintings: illustration, interpretation, and reaction. The abstract paintings do not contain THE COGNITION OF TURNING POETRY INTO PAINTING 475 images of specific scenery, objects, or characters; rather, they largely consist of patterns composed of nonobjective colors and lines. The painter developed their poetic titles based on her own creative process and her feelings about the paintings, and focused on whether each poetic title expressed the mood of its painting. Her 21 original poetic titles are listed in Table 2 T-20 朝辭白帝彩雲間 I set out with a farewell to Bai-Di Town glittered with morning clouds.
U-21 行雲有影月含羞 Floating clouds blurred the bashful moon.
Participants
All of the study participants were university student volunteers from the northern and southern regions of Taiwan. A total of 254 participants-63 men and 191 women between the ages of 18 and 21 (88%)-participated in the study. The participants were told the purpose of the study. They were then asked to match the paintings with the given poetic titles and to rate the fitness of turning the poetry into paintings according to their understanding of the content of each painting. The procedure is described below in detail.
Procedure
This study was conducted during design-related classroom courses. The students were invited to participate as subjects and agreed to follow the experimental procedure, including the matching test and fuzzy rating. The purpose of the experiment was explained to the subjects and a slide showing the 21 paintings was juxtaposed with a slide of their corresponding poetic titles. The subjects were then asked to follow the procedure to finish each experiment. The experiments were conducted at least one week apart and had no time limit; generally, each subject completed the experiment within 20 minutes (Hsu, Chang, & Lin, 2013) .
The 21 paintings were randomly ordered on a piece of paper, at the bottom of which their corresponding poetic titles were listed. Before the matching test, the subjects were briefed on the purpose and procedure of the study. Subjects were asked to match each painting with a poetic title. One week following the matching tests (Zwaga, 1989; Lin, 1994) , each painting and its corresponding poetic title, together with three questions and a rating scale, were put together, as shown in Table 3 .
The subjects were told the purpose of the experiment. They were then asked to rate each painting with its poetic title according to the questions. The fit assessment of each painting included three questions. Question 1 explored the degree of overall fitness between the poetry and the paintings, with a score range from 0% to 100%-the higher the score, the better the fit. Questions 2 and 3 explored the degree of fitness between the paintings' poetic titles and their "affection" and "scene". A 5-point Likert scale was used to score the responses from 1 ("Very unfit") to 5 ("Very fit"). Table 3 The Fuzzy Ratings of the Fitness of Total Image, Affection, and Scene 1. Please rating the fitness of "total image" between the painting and its poetic title "The spring is coming" (0-100%). 2. Please rating the fitness of "affection" between the painting and the poetic title "The spring is coming".
Very fit  1 2 3 4 5  Very unfit 3. Please rating the fitness of "scene" between the painting and the poetic title "The spring is coming".
Very fit  1 2 3 4 5  Very unfit
Results

Confusion Between Poetic Titles and Paintings
In order to evaluate pictorial symbols, many studies have used matching tests to create a confusion matrix, which is then interpreted subjectively by examining it. The matching test in this study revealed the confusion among the paintings and their referents within a stimulus set. Table 4 summarizes the percentage of correct responses and the confusion matrix from the matching test. The main diagonal shows the correct matching (%) of each poetic title with its painting. In order to easily study the confusion matrix, matching rates under 6% were ignored. The mismatches between the poetic titles and the other 20 paintings in the set are given in the THE COGNITION OF TURNING POETRY INTO PAINTING 478 row, while the column shows to what degree the painting was mismatched with the other 20 poetic titles. In the diagonal of the confusion matrix, painting (G) in the landscape group had the highest matching rate at 49%, while painting (N) in the abstract group had the lowest matching rate at 6%.
In the landscape group, paintings (G) and (D) had relatively high matching rates, at 49% and 43%, respectively; these two paintings are both highly interpretable in their subject and not easily confused with other paintings. Paintings (B) and (H) had middle matching rates, at 34% and 33%, respectively, while the other five paintings had matching rates of under 30%. In the abstract group, painting (L) had a middle matching rate at 31%, while the other paintings were classified at low matching rates. The paired t-test results show that the average matching rate for the landscape paintings (27%) was significantly higher than that of the abstract paintings (16%) (t = 2.42; p < 0.05). Table 4 also conveys information on symmetric and asymmetric confusion. Symmetric confusion occurred when subjects mistook two paintings for each other. For example, paintings (A) and (B) were mutually confused at rates of 11% and 24%, as shown in the first dotted square in Table 5 . Paintings (C) and (H) were also confused with each other: painting (C) was correctly matched with poetic title (3) 12% of the time, but was mismatched 33% of the time with poetic title (8). Likewise, painting (H) was correctly matched 33% of the time with poetic title (8) and was mismatched 4% of the time with poetic title (3). Asymmetric confusion was caused by subjects matching an incorrect poetic title to a given painting. For example, painting (C) was correctly matched with poetic title (3) 12% of the time and was mismatched at a rate of 10% with poetic title (4), while painting (D) was correctly matched with poetic title (4) at a rate of 43%, but was never mismatched with poetic title (3). Table 6 shows the confusions among the abstract paintings. The most significant symmetric pairs are shown along the main diagonal, while the asymmetric confusions are shown in the circled matching rates off the main diagonal. Among the symmetric pairs, paintings (O) and (P) were mutually confused at rates of 8% and 9%, respectively, as shown in Table 6 . Paintings (S) and (L) were also symmetrically confused: painting (S) was correctly matched with poetic title (19) 19% of the time and was mismatched 28% of the time with poetic title (12), while painting (L) was correctly matched with poetic title (12) 31% of the time and was mismatched 8% of the time with poetic title (19). Among the asymmetric confusions, painting (R) had a correct matching rate of 7% with poetic title (18) and was mismatched at a rate of 6% with poetic title (19), while painting (S) had a correct matching rate of 19% with poetic title (19), but was not mismatched with poetic title (18). 
Fuzzy Ratings of Poetic Titles and Paintings
The application of the fuzzy approach is widespread in various fields, from behavioral and social science to product design and human factors (Lin, 1994) . Fuzzy rating allows respondents to provide an imprecise rating that takes into account the reality of the imprecision of human thoughts (Carlesson & Fullér, 2003) . Table 7 summarizes the fuzzy rating of the total image, affection, and scene between poetic titles and paintings. The second column indicates the percentage of correct matches for each painting. Among the landscape paintings, the average fitness of total image was 73.6%, while the average fitness of affection and scene were both 3.5. Painting (D) with poetic title (4) and painting (G) with poetic title (7) had the highest average fitness of total image at 82% and 81.3%, respectively, while the average fitness of affection and scene between poetic titles and paintings were both 4.0 for D-4 and were 3.9 and 4.1, respectively, for G-7. Meanwhile, pairs C-3 and E-5 had the lowest average fitness for total image at 63.2% and 63.6%, respectively, while the average fitness of affection and scene were both 2.9 for C-3 and were 3.0 and 2.9, respectively, for E-5. The other five title/painting pairs had a high average fitness of between 70% and 80% for total image, and a low fitness for both affection and scene. A stepwise multiple regression analysis was used to establish the regression model's total image fitness for the landscape paintings. The results are as follows:
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Total image fitness (Landscape paintings) = 12.82 + 0.73 (Affection fitness) + 0.28 (Scene fitness) Equation (1) (Adjusted R 2 = 0.98; p < 0.001)
The participants' gender and age and the title development method for the paintings were not entered into the model, so the overall fit was mainly affected by scene fit and affection fit. The higher the scene and affection fits were, the higher the overall fit was for landscape painting.
Among the abstract paintings, the overall average fitness of total image, affection, and scene were 67.5%, THE COGNITION OF TURNING POETRY INTO PAINTING 481 3.2%, and 3.1%, respectively. The three title/painting pairs K-11, L-12, and T-20 had high total image fitness ratings of 77.2%, 75.1%, and 73.1%, respectively, while the fitness of their affection and scene were all higher than 3.5. The lowest fitness of total image was pair R-18 at only 55.2%, while its fitness of affection and scene were 2.5 and 2.6. The other eight pairs had an average total image fitness rating of between 60% and 70%, with low affection and scene fitness ratings of between 3.0 and 3.5. A stepwise multiple regression analysis was applied to establish the regression model's total image fitness for the abstract paintings. The results are as follows: Total image fitness (Abstract paintings) = 13.14 + 0.98 (Scene fitness) Equation (2) (Adjusted R 2 = 0.96; p < 0.001)
The participants' gender and age and the title development method for the paintings were not entered into the model, so the overall fit was mainly affected by the affection fit: the higher the affection fit, the higher the overall fit.
Discussion
Avoiding Confusion on Three Levels Table 8 shows three different groups that were created based on correct matching rate and total image rating. Five paintings that had a correct matching rate of more than 30% and a total image fitness of more than 70% were classified into the "high recognition" group. Nine paintings with a correct matching rate of less than 30% and a total image fitness rate of more than 70% were classified into the "middle recognition" group. The other seven paintings were classified into the "low recognition" group, as shown in Table 8 . Several symmetric and asymmetric confusions are summarized in Table 9 . For example, in the symmetric confusion of A-1 and B-2, poetic title (1) was correctly chosen for painting (A) 27% of the time and was mismatched 24% of the time when poetic title (2) was presented, while painting (B) was mismatched 11% of the time with poetic title (1) and was correctly matched 34% of the time with poetic title (2).
Most of the symmetric and asymmetric confusion pairs occurred at the technical, semantic, and effectiveness levels of the communication model, as shown in Figure 1 . These confusions were grouped into three types based on the following three problems:
1. Visual similarity is a technical level that focuses on denotative elements. Visual confusion mostly occurred in landscape paintings; for example, A-1 and B-2 shared the visual feature of a "wide river" and an "ocean", while E-5 and F-6 had similar backgrounds involving "clouds hanging in the sky".
2. Conceptual similarity is a semantic level that concerns connotative content. Conceptual confusion was caused because of a lack of reference for an event or image, especially in abstract paintings; for example, L-12 and M-13 were confused with each other, as were N-14 and O-15, because they turned poetry about clouds into abstract paintings with no specific visual features as referents for decoding. Consequently, the audience created the beautiful world of these paintings in their imaginations. This is the reason why abstract paintings THE COGNITION OF TURNING POETRY INTO PAINTING 482 experienced low recognition of their diversity.
3. Visual and conceptual similarity is an effectiveness level that conveys meaning to the audience in the desired way. Visual and conceptual confusion is caused by the visual and verbal similarity. For example, the titles of I-9 and J-10 contained the words "cloud" and "mountain", while the visual element of "clouds" appeared in both paintings. Likewise, D-4 and R-18 comprise a typical example of asymmetric confusion: painting (D) was correctly matched at a rate of 43% with poetic title (4) and was mismatched at a rate of 22% with poetic title (18), while painting (R) was correctly matched at a rate of 7% with poetic title (18) but was not mismatched with poetic title (4). Some pairs were not confused with each other. For example, painting (H), with a correct matching rate of 33%, was not confused with painting (L), with a matching rate of 31%. Table 9 The Symmetric and Asymmetric Confusion Pairs X painting Y painting A-1 (27%; 24%) 1. The wide river was dappled with lowing clouds, where an old friend of mine is returning.
B-2 (11%; 34%) 2. The cloud and the sun reflect each other in the boundless glory.
E-5 (11%; 16%) 5. The clouds hold the eternal empty skies. The main confusions between the paintings and their poetic titles derived from the different natures of visual and verbal codes. Visual codes have a defined, limited paradigm of signifiers with precisely related content and context (Barthes, 1967; Fiske, 1990) . They emphasize denotative meaning.
Verbal codes have open-ended paradigms: New units can be added and existing ones can drop out of use. They tend not to have an agreed-upon content or context. They are thus more dynamic and capable of change. Visual codes are static and can only change by explicit agreement amongst the audience. Painting codes, then, are closed. They attempt to contain meaning within their visual elements and do not invite the audience to bring much to their side of the negotiating process. All painting codes require that the audience understands their visual features. On the other hand, poetry codes are open and invite the active negotiation of the audience. Extreme types of poetry codes THE COGNITION OF TURNING POETRY INTO PAINTING 483 can be called aesthetic, and can sometimes be decoded only via clues within the verbal elements (Tiedens & Linton, 2001; Silvia, 2005; Worringer, 2007) .
The difference between visual and verbal code systems is the key factor that causes symmetric and asymmetric confusion. The artist must therefore be sure to select the appropriate visual elements for those paintings in the low recognition group by avoiding asymmetric confusion, and to select the right verbal contents for those in the middle recognition group by preventing symmetric confusion.
The Trade-Offs Between Denotation and Connotation
A painting of a poetic "scene" denotes that a particular "affection" occurs when the "scene" meets the emotions of the audience and the values of their culture. The "scene" dimension refers to the physical or tangible characteristics of a painting that have an objective basis for comparison. For example, a painting has form, color, layout, and so on. On the other hand, respondents may "subjectively" attach features to a painting. Examples of this include "beautiful", "elegant", and "good-looking". These perceived dimensions are unique to the individual and may bear little correspondence to the objective dimensions of the painting (Reber, Schwarz, & Winkielman, 2004) .
In Experiment II, the respondents were asked to subjectively evaluate the fitness of "scene" and "affection" between a painting and its poetic title. A denotative scene with a connotative affection presented the total image of a painting. Hence, the respondents encountered great difficulties in separately rating the degree of fitness in the objective (scene) and perceived (affection) dimensions. For example, painting (A) with poetic title (1) and painting (B) with poetic title (2) experienced symmetric confusion. Both had the same denotative scenario, containing a "wide river" or "ocean", and had the same affection for a sunrise or a reference to returning home. These caused visual and conceptual confusion. Although the denotative image functions for the individual paintings can convey their intended meanings, when the two paintings were juxtaposed simultaneously, the visual and conceptual confusion decreased the correct matching rates. The denotative meanings of paintings (A) and (B) were the same, while the difference lay in their connotations.
Denotation is the visual transformation in painting of the poetic affection on which the painter is focused. Connotation refers to the audience's process of decoding the transformation made by the painter. Thus, denotation is the way in which a "scene" is painted, while connotation is the way in which "affection" is presented. Some studies have shown that the advantages of shared visual elements lie in the audience having less to learn, and that they may make predictions about important characteristics of unfamiliar situations (Collins & Lerner, 1983; Barthelemy, Mazur, & Reising, 1990) . However, the present study shows that the advantages of shared denotative elements are not always realized. Figure 3 shows the relationship between affection and scene fitness from respondents' subjective ratings. Subjects tended to rate the fitness of the scene and affection of landscape paintings equally, as shown in regression model (1) and Figure 3 , while the fitness of abstract paintings depended mainly on scene, as shown in regression model (2).
For example, painting (G), which had a high correct matching rate (49%) in the landscape group, had fitness scores of 3.9 for affection and 4.1 for scene. Painting (N), which had the lowest correct matching rate (6%), had scores of 3.1 and 3.0, respectively, in the subjective ratings of the fitness of affection and scene. Figure 4 summarizes the distribution of painting (G) with poetic title (7) and painting (N) with poetic title (14). The pairings of paintings (G) and (N) with the 21 poetic titles are shown in the upper part of Figure 4 , while the matching of poetic titles (7) and (14) with the 21 paintings are shown at the bottom. Although paintings (G) and THE COGNITION OF TURNING POETRY INTO PAINTING 484 (N) had the same linear relationship, painting (G) tended toward scene and painting (N) tended toward affection. Painting (G) used trees and a stream as denotative visual elements to represent the scenery of spring, which matches with poetic title (7). In contrast, painting (N) has no specific denotative visual elements for reference, so the subjects evaluated that painting based on the perceived (affection) dimension, causing a mismatch. Table 7 . The total image fitness depended on the connotative (affection) and denotative (scene) factors. Therefore, from the artist's point of view, when creating poetic paintings, consideration must be given to focusing on a denotative visual code so that the audience can transfer the connotation of one painting to poem. Yet, paintings with the same visual elements tend to cause symmetric confusion. Therefore, an artist needs to consider the trade-offs between the benefit of conveying connotations of paintings quickly and the cost of creating symmetric confusion. Figure 5 . The relationships among total image, affection, and scene fitness.
Conclusion
Understanding how an audience recognizes a painting is as complex as understanding visual perception itself. Since the cognitive factors that affect the appreciation of paintings have not been properly analyzed, the cognition of turning poetry into painting is typically ill-defined or fuzzy (Belke, Leder, Strobach, & Carbon, 2010) . The purpose of this study was to propose a framework for turning poetry into painting and to use a fuzzy approach as a technique for evaluating paintings. The result showed that the fuzzy approach can be applied for evaluating paintings effectively and can provide artists with an idea of how to concentrate their efforts at the creation stage in order to communicate easily with their audience. The fuzzy approach seems to be a good way to provide a possible solution to this methodological problem (Carlesson & Fullér 2003; Chen, Lin, & Huang, 2006) .
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The fuzzy approach appears to have an advantage over the subjective interpretation of confusion through matching tests because dimensions extracted through the fuzzy approach are the subjects' perceptions of the stimuli. Although the idea of using a confusion matrix in the fuzzy approach to explore the cognition of turning poetry into painting is quite simple, this study is merely the first step in testing the utility of fuzzy rating as a technique for understanding painting recognition and creation, and is clearly worthy of more in-depth study. It is suggested that the fuzzy approach be validated through more testing and evaluating of paintings in further study.
